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ABSTRACT 

The  atomic-level  structure  of  ordered  Pt(100)  electrodes  prepared  by  air- 
hydrogen  flame  annealing  followed  by  iodine  dosing  and  solution-phase  replacement 
by  CO  has  been  examined  by  in-situ  scanning  tunneling  microscopy.  While  large 
(1  x  1)  substrate  terraces  are  discemable  in  the  presence  of  iodine  adlayers, 
subsequent  CO  adsorption  in  0.1  &  HC10*  yields  dense  arrays  of  smaller,  20-40A, 
(1  x  1)  islands.  These  domains  coalesce  upon  positive  alterations  in  the 
electrode  potential.  Parallel  in-situ  infrared  spectroscopic  measurements  shows 
that  these  structural  changes  are  accompanied  by  an  attenuation  of  bridge-bound 
CO  in  the  close-packed  adlayer  structure.  The  bridging  CO  is  speculated  to  be 
present  at  the  edges  of  the  (1  x  1)  domains,  contained  within  which  are 
predominantly  atop  coordinated  CO. 
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Scanning  tunneling  microscopy  (STM)  is  currently  developing  rapidly  as  an 

in-situ  real-space  structural  probe  of  metal-solution  and  other  electrochemical 

interfaces.  While  only  a  few  studies  published  so  far  achieve  true  atomic 

1-3 

resolution  of  the  substrate  lattice  or  adlayers,  a  number  of  reports  attest 

to  the  ability  of  STM  to  image  monoatomic  steps  and  larger-scale  substrate 

morphological  features  (for  example,  see  refs.  4-S).  Most  work  of  the  latter 

type  has  focussed  on  the  effects  of  anodic  oxide  formation  and  removal  on  the 

substrate  topology. These  results  also  suggest  the  prospect  of  utilizing  STM 

to  follow  reconstruction  of  the  surface  atomic  lattice  as  engendered  by  simple 

molecular  and  ionic  adsorbates.  Such  adsorbate-induced  surface  reconstruction 

is  a  well-known,  yet  not  entirely  understood,  phenomenon  at  single-crystal 

surfaces  in  ultrahigh  vacuum  (uhv)  environments . ^ 

A  particularly  interesting  and  widely-studied  example  is  Pc(iOO).  Clean 

Pt(100)  reconstructs  in  uhv  at  temperatures  below  1070K  to  yield  a  so-called 

"hex"  [quasi-hexagonal  (5  x  20)]  phase,  resembling  a  corrugated  Pt(lll)  surface. 

The  reconstruction  can  be  lifted  entirely  by  a  number  of  adsorbates ,  such  as  CO 

9,10 

and  NO,  to  form  the  (lxl)  surface  lattice.  This  process,  induced  by  CO, 

has  been  followed  in  uhv  by  means  of  STM.^  Infrared  reflection-absorption 

spectroscopy  (IRAS)  has  also  been  utilized  recently  to  discern  coverage-dependent 

details  of  CO  and  NO  adlayer  structures  formed  on  initially  hex  and  (1  x  1) 
12 

Pt(100)  surfaces.  These  STM  and  IRAS  data,  as  well  as  earlier  low-energy 

10b 

energy  diffraction  (LEED)  results,  indicate  that  the  CO- induced  reconstruction 

results  in  the  formation  of  local  (1  x  1)  domains  on  Pt(100). 

The  richness  of  the  observed  reconstruction  behavior  of  Pt(100)  in  uhv 

earmarks  this  surface  as  an  interesting  candidate  for  exploring  possible  related 

phenomena  in  electrochemical  systems.  As  for  other  platinum  low-index  fares. 

13  14 

flame-annealing  methods  developed  by  Clavilier  and  Wieckowski  et  al  are 


available  by  which  ordered  surfaces  can  readily  be  prepared  in  ambient 
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environments  for  electrochemical  use.  The  latter  approach  involves  the  gas-phase 

formation  of  a  protective  iodine  adlayer  which  can  be  removed  subsequently  by  CO 
14 

adsorption.  Atomic-resolution  STM  images  of  the  iodine  adlayers  on  Pt  and  Rh 

low-index  faces,  including  Pt(100)  (see  below),  indicate  the  well-ordered  nature 

of  surfaces  formed  in  this  manner. This  same  pretreatment  procedure  has 

recently  been  utilized  to  prepare  ordered  low-index  platinum  and  rhodium 

electrodes,  including  Pt(100),^  on  which  the  adsorption  and  electrooxidation  of 

17-22 

CO  has  been  studied  in  detail  by  using  in-situ  IRAS.  Recently,  atomic- 

resolution  STM  images  of  saturated  CO  adlayers  on  some  of  these  non-reconstructed 

16a  3 

surfaces  have  also  been  obtained,  initially  on  Pt(lll) ,  Rh(lll),  and 
23 

Rh(110).  Comparison  with  corresponding  in-situ  IRAS  data  affords  CO  adlayer 

structures  with  a  level  of  atomic-level  detail  unprecedented  for  electrochemical 
3,23 

systems . 

We  report  here  in-situ  STM  data,  including  atomic-resolution  images,  of 
ordered  Pt(100)  surfaces  in  0.1  M  HC10*.  The  replacement  of  iodine  adlayers  by 
CO  Is  followed  by  means  of  STM.  In  particular,  CO  adsorption  on  Pt(100)  is  found 
to  yield  arrays  of  small,  ca  20-40A,  (1  x  1)  domains  which  exhibit  potential- 
dependent  morphologies.  These  images  are  combined  with  corresponding  IRAS  data 
to  yield  a  picture  of  CO-induced  reconstruction  at  the  Pt(  100) -aqueous  interface. 


EXPERIMENTAL  SECTION 

The  Pt(100)  single  crystal  (9  mm  diameter,  2  mm  thick)  was  obtained  from 

Johnson  Matthey;  it  was  oriented  within  IV  Laue  x-ray  back  diffraction  was  used 

both  to  verify  this  crystallographic  orientation  and  to  determine  the  direction 

of  the  Pt  rows  on  the  exposed  crystal  face.  The  latter  could  be  reproduced 

ac  Mrauely  with  respect  to  the  STM  scan  direction  by  means  of  a  ledge  milled  into 

the  bad:  fee®  of  the  crystal,  mated  with  a  groove  machined  in  the  microscope 

base.  Two  related  surface  pretreatments  were  employed.  Method  I  followed 

14 

essentially  that  of  Wieckowski  et  al.  This  entailed  annealing  the  crystal  to 


3 


redness  for  1  min  in  an  air-hydrogen  flame,  and  cooling  for  1.5  min  in  a  N2 
stream  approximately  2  cm  over  an  iodine  crystal.  The  protective  iodine 
monolayer  thus  formed  can  be  removed  in  0.1  M  HC10*  at  —0.25  V  vs  saturated 
calomel  electrode  (SCE)  by  bubbling  in  CO  and  solution  flushing  (vide  infra) . 
The  CO  adlayer  can  be  removed  subsequently  by  electrooxidation.  Method  II 
involved  flame  annealing  as  before,  but  cooling  in  nitrogen  for  1  min  before 
immersing  in  ultrapure  water.  The  voltammograms  obtained  in  0.1  g  HC10*  after 
Method  I  were  more  indicative  of  a  clean  well-ordered  surface  (cf  refs.  17,  20b); 
the  charge  under  the  hydrogen  peak  obtained  with  Method  II  is  significantly 
smaller,  suggestive  of  an  influence  from  surface  impurities. 

Most  experimental  details  of  the  STM  measurements  have  been  noted 
1,15,24,25 

previously.  ’  '  ’  The  microscope  is  a  commercial  Nanoscope  II  instrument 

with  a  bipotentiostat  (Digital  Instruments,  Inc.)  for  in-situ  electrochemical 

13 

STM.  The  tip  potential  is  held  at  virtual  ground.  As  before,  ’  variations  in 
the  substrate  (working  electrode)  potential,  E*,,  were  accompanied  by  parallel 
variations  in  the  tip  potential,  Etip,  so  that  the  surface-tip  bias  voltage,  Vb, 
remains  fixed.  The  Vb  values  selected  were  from  -500  to  200  mV;  the  tip  set- 
point  currents,  ifc,  varied  from  1  to  15  nA  (see  figure  captions  for  specific 
values).  The  atomic-resolution  STM  images  were  obtained  by  using  the  "constant- 
height"  mode.  The  larger-scale  terrace  images  were  obtained  in  a  "topographic 
mode"  at  a  slower  scan  rate,  and  were  filtered  to  compensate  for  "surface  tilt". 
The  atomic-scale  images  were  filtered  where  necessary  by  using  a  2d-FT  program 
in  the  Nanoscope  software,  being  careful  to  avoid  suppressing  any  significant 
imaging  features . 

The  STM  electrochemical  cell  holder,  machined  from  Kel-F,  contains  the 
reference  and  counter  electrode  connections  and  is  secured  to  the  base  by  two  set 
•screws.  The  cell,  made  from  Teflon,  is  sealed  to  the  substrate  surface  via  the 
electrode  mount.  The  cell  and  holder  were  cleaned  prior  to  each  experiment  using 
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hot  Chromerge,  and  rinsed  with  ultrapure  water.  The  counter  electrode  was  a 

platinum  wire.  Two  types  of  quasi-reference  electrodes  were  employed:  a 

chloride— coated  silver  wire,  prepared  as  in  ref.  26,  or  an  oxidized  gold  wire 

prepared  by  anodizing  at  3.0  V  (vs  Pt  wire)  in  0.1  H  HC104.  The  STM  tips  were 

made  from  0.010  in.  tungsten  wire  electrochemically  etched  to  a  sharp  point  in 

1  H  KOH,  and  insulated  with  clear  nail  polish  ("Wet  'n  Wild",  Pavion  Ltd.). 

Details  of  the  electrochemical  IRAS  measurements  are  largely  as  described 
20 

earlier.  The  FTIR  spectrometer  is  an  IBM/Bruker  IR-98  instrument  with  a  Globar 
light  source  and  a  MCT  narrow-band  detector.  Carbon  monoxide  (99.8%)  was  from 
Matheson,  and  perchloric  acid  (double  distilled)  from  G.F.  Smith  Chemicals. 
Ultrapure  water  was  obtained  using  a  Milli-Q  system  (Millipore,  Inc.).  All 
electrode  potentials  reported  here  are  on  the  SCE  scale. 

RESULTS 

Atomic-resolution  STM  images  of  iodine-covered  Pt(100)  surfaces  prepared 

by  either  Methods  I  or  II  exhibited  large  (ca  50  nm)  terraces  containing  ordered 

iodine  adlayer  domains.  The  adlayers  resulting  from  gas-phase  iodine  dosing  as 

27 

in  Method  I  have  the  symmetry  c(/2  x  5V2)R45°  (iodine  coverage,  8Z  -  0.6). 
Immersing  surfaces  prepared  by  Method  II  into  solutions  of  1  mM  KI  +  0.1  M  HC10* 
also  yielded  well-ordered  iodine  adlayers,  with  symmetry  (7 2  x  V 2)R45°  (0j  - 
0.5),  as  discerned  from  STM  images  obtained  either  in  air  or  in  0.1  ff  HCIO*  under 
potential  control.  Figure  1  displays  a  typical  atomic-resolution  in-situ  STM 
image  of  iodine-coated  Pt(100’>,  prepared  by  Method  I,  in  0.1  &  HC10*  at  0.25  V 
vs  SCE.  A  c(^2  x  5/2)R45"  adlayer  symmetry  can  be  deduced  given  that  the 
direction  of  the  Pt(100)  substrate  rows  is  known  from  the  Laue  x-ray  diffraction 
(vide  supra);  these  rows  run  at  -2*  (and  88")  to  the  x-direction  of  the  tip  scan 
(corresponding  to  the  x-axis  of  the  images  shown  here).  The  symmetry 
properties  of  these  adlattices  strongly  suggest  that  the  underlying  Pt(100) 
surface  is  present  as  correspondingly  large  (1  x  1)  domains,  rather  than  in  the 
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"hex"  cr  other  reconstructed  forms.  Further  evidence  that  such  unreconstructed 
Pt(100)  domains  are  actually  present  could  be  obtained  under  some  conditions  by 
the  observation  of  (1  x  1)  substrate  images  even  in  the  presence  of  iodine 
adlayers.  Such  an  atomic-resolution  STM  image,  obtained  in  air,  is  shown  in  Fig. 
2.  The  square-planar  (100)  lattice,  with  Pt-Pt  distances  of  2.7-2.8A  as 
expected,  is  clearly  evident.  Similar  images  could  be  obtained  throughout  a 
given  (ca  50  nm  size)  substrate  terrace  region.  A  (/2  x  '/2)R45°— I  adlayer  image 
could  be  observed  within  the  same  surface  region  by  lowering  the  set-point 
current  from  15  to  0.2  nA  at  the  same  bias  voltage  as  in  Fig.  2,  50  mV.  The 
observation  of  substrate  STM  images  in  the  presence  of  iodine  adlattices  has  been 
noted  previously  for  Pt(lll);^  while  the  physical  factors  favoring  the 
occurrence  of  substrate  rather  than  adlayer  images  are  somewhat  unclear  at 
present,'*’  the  phenomenon  clearly  is  useful  from  an  analytical  standpoint. 

Of  central  interest  here  is  the  effect  of  CO  adsorption  on  the  Pt(100) 
substrate  morphology.  Replacement  of  the  iodine  adlayer  by  CO  in  0.1  J}  HC10* 
(constituting  the  final  phase  of  the  Method  I  pretreatment)  yielded  markedly 
different  in-situ  STM  images.  Figure  3A  shows  a  typical  image  obtained  at  an 
electrode  potential  of  -0.25  V  vs  SCE  in  0.1  HCIO*  containing  near-saturated 
(ca  1  mM)  CO.  Specifically,  the  procedure  entailed  transferring  the  iodine- 
coated  surface  prepared  by  Method  I  to  the  STM  cell,  and  replacing  the  iodine 
with  adsorbed  CO  at  -0.25  V  by  pipeting  in  CO-saturated  0.1  M  HClO*,  flushing  the 
cell,  and  repeating  twice  so  as  to  expel  residual  solution-phase  iodine. 

Close  inspection  of  Fig.  3A  reveals  the  presence  of  an  array  of  "micro¬ 
domains",  or  patches,  ca  20-40A  in  length  and  area  ca  200-700A2.  These  islands 
exist  on  a  background  of  large  terraces,  as  before,  with  a  height  of  ca  1.5A 
above  the  regions  surrounding  each  patch.  (This  height  difference  is  responsible 
for  the  “lighter"  shade  of  the  microdomains  in  the  STM  images.)  Occasionally, 
atomic-resolution  images  within  each  island  could  be  obtained.  One  such  image, 
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shown  in  Fig.  3B,  shows  clearly  the  presence  of  a  (1  x  1)  lattice,  again  with 
unit-cell  dimensions  (2.7-2.8A)  and  row  directions  that  match  precisely  that 
expected  for  the  unreconstructed  Pt(lCO)  surface 

Sweeping  the  potential  in  the  positive  direction  yields  significant  changes 
in  the  microdomain  morphology.  Figure  3C  shows  an  image  of  a  similar  surface 
region  as  in  Fig.  3A,  but  after  sweeping  the  potential  from  -0.25  V  to  0  V  vs 
SCE.  Comparison  between  Figs.  3A  and  C  shows  that  the  islands  have  become  more 
closely  packed  in  some  regions  of  the  latter  image.  Quantitative  intercomparison 
between  these  images  was  restricted  by  the  difficulty  in  imaging  precisely  the 
same  surface  region  during  such  potential  excursions.  However,  examination  of 
a  number  of  images  confirmed  the  greater  average  density  of  these  islands  towards 
more  positive  potentials.  Further  positive  alterations  in  the  potential  prior 
to  the  onset  of  electrooxidation,  at  ca  0.2  V  vs  SCE,  yield  eventual 
coalescence  of  the  islands.  At  potentials  positive  of  CO  electrooxidation,  into 
the  oxide  formation  region  (above  ca  0.7  V  vs  SCE),  the  surface  becomes 
irreversibly  roughened,  displaying  a  multitude  of  "ball-like"  features  associated 
with  oxide— induced  surface  disorder.  These  features,  approximately  1-2  atomic 
diameters  in  height,  are  comparable  to  those  observed  in  ref.  28. 

Similar  results  to  those  in  Fig.  3A-C  were  obtained  irrespective  of  the 
precise  conditions  under  which  the  adsorbed  iodine  was  replaced  by  CO.  Variants 
of  the  procedure  included  transferring  the  surface  to  the  STM  cell  after  I/CO 
replacement  in  the  electrochemical  pretreatment  cell,  and  adding  CO  while  the 
iodine-coated  surface  is  potentiostated  at  more  positive  potentials,  ca  0  to  0.1 
V  vs  SCE.  Under  the  last  condition,  replacement  of  adsorbed  iodine  by  CO  was 
sufficiently  slow  (-  few  minutes)  that  the  process  could  be  following  during 
subsequent  STM  imaging.  Interestingly,  the  removal  of  the  ordered  iodine 
adlattice  and  its  replacement  by  the  CO-induced  microdozrains  could  be  discerned 
as  "wavefronts"  creeping  over  portions  of  the  (80  x  80  nm)  STM  image  region. 
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Electrooxidative  removal  of  the  adsorbed  CO,  flushing  with  0.1  il  HC104  and 
readsorption  of  iodine  from  1  mjj  iodide  solution,  yielded  a  partial  reversion  of 
the  surface  morphology  in  that  larger,  ca  50  nm,  patches  of  a  c(7  2  x  57  2)R45° 
(81  —  0.6)  adlayer  are  evident. 

Given  the  observation  of  marked  potential-dependent  changes  in  surface 
morphology  induced  by  adsorbed  CO,  it  is  of  interest  to  perform  parallel  IRAS 
measurements  so  to  provide  information  on  the  CO  adlayer  structure  under  these 
conditions.  Figure  4  shows  such  a  potential-dependent  sequence  of  infrared 
spectra  in  the  C-0  stretching  (»/co)  region,  1800-2150  cm-1,  obtained  for  a 
saturated  CO  adlayer  on  Pt(100)  in  CO-saturated  0.1  HC10*.  The  surface, 
pretreated  using  Method  I,  was  transferred  with  the  iodine  adlayer  intact  to  the 
spectroelectrochemical  cell,  where  the  iodine  was  replaced  by  CO  at  -0.25  V  by 
CO  sparging  just  prior  to  forming  the  spectral  thin  layer  and  acquiring  the  IRAS 
data.  The  results  in  Fig.  4  are  similar  to  those  reported  previously,  In  Fig. 
4A  of  ref.  17.  At  the  initial  potential,  an  intense  vc0  band  is  observed  at  2052 
cm-1,  with  a  weaker  feature  at  1874  cm'1,  ascribed  to  terminal  (atop)  and  twofold 
bridging  CO,  respectively.  Sweeping  the  potential  In  the  positive  direction 
yields  an  attenuation  of  the  bridging  vco  feature  and  a  concomitant  increase  in 
the  terminal  i/eo  band  intensity,  prior  to  electrooxidative  CO  removal  at  ca  0.3 
V  vs  SCE.  The  fractional  CO  coverage,  8co,  present  under  the  IRAS  and  STM 
conditions  employed  here  is  0.85  (±0.05),  as  deduced  from  the  absorbance  of  the 
2343  cm-1  C02  band  formed  by  electrooxidation  of  the  adsorbed  CO.^ 

P1SCVSSLQP 

The  present  STM  results  indicate  that  Pt(100)  electrode  surfaces  prepared 
by  flame  annealing  consist  substantially  of  (1  x  1)  domains,  i.e.,  are  largely 
unreconstructed,  in  the  presence  of  saturated  iodine  or  CO  adlayers.  This 
finding  is  consistent  with  extensive  structural  studies  in  uhv,  especially  using 
low  energy  electron  diffraction  (LEED) ,  which  as  noted  above  show  that  the  hex 
reconstruction  is  lifted  entirely  by  CO  and  other  adsorbates  even  at  ambient 


8 


9,10 

temperatures.  Reconstruction  of  the  "clean*  (1  x  1)  Pt(100)  surface  to  the 


thermodynamically  more  stable  bo  surface  phase  does  not  occur  at  temperatures 
10c 

below  ca  400K.  One  therefore  has  good  reason  to  anticipate  that  ordered 
Pt(100)  electrodes  prepared  by  procedures  involving  iodine  and/or  CO  adsorption 
would  consist  largely  of  unreconstructed  (1  x  1)  domains,  even  following 
ads  o rba  te  removal . 

More  surprising,  then,  is  the  present  finding  that  CO  adsorption  yields 
concentrated  arrays  of  (lxl),  presumably  Pt  substrate,  domains  of  only  limited 
dimensions,  ca  20-40A,  surrounded  presumably  by  "fault  lines"  or  other 
topographically  distinct  features.  Nevertheless,  there  is  evidence  from  other 
sources  that  lend  support  to  such  qualitative  characteristics  of  Pr^lOO) 
surfaces  containing  saturated  (0CO  »  0.85)  CO  adlayers.  A  LEED  analysis  of  8co- 
dependent  domain  sizes  for  CO  adsorption  on  Pt(100)  in  uhv  shows  that  larger 
domains  are  formed  at  intermediate  coverages  starting  from  a  (1  x  1)  than  for  a 
"hex"  surface,  as  expected  since  the  adsorption  process  on  the  latter  surface 


will  entail  substantial  substrate  structural  rearrangement. 


10a 


[The  formation 


of  such  domains  upon  CO  adsorption  on  a  hex  Pt(100)  surface  in  uhv  has  also  been 

11a 

observed  directly  by  STM.  ]  Nonetheless,  only  small  c(2  x  2)  CO  domains 

(containing  20  molecules  or  less)  are  formed  even  on  the  initially  (1  x  1) 

10a 

surface  at  high  CO  coverages.  Furthermore,  a  recent  IRAS  study  in  uhv  has 

shown  that  a  significant  fraction  of  bridge-bound  CO  is  present  along  with 
terminal  CO  on  an  initially  (1  x  1)  Pt(100)  surface  even  at  coverages. 


0..  as  0.5,  where  (V  2  x  V2)R45°  domains  are  formed. 


12a 


Since  these  regions 


consist  exclusively  of  terminal  CO,  the  bridging  CO  appears  to  be  present  only 

12a 


at  domain  boundaries . 


It  is  worth  mentioning  in  this  context  recent  EELS  data 


for  the  Ft(100)/C0  system,  which  show  that  unlike  the  terminal  CO,  the  bridging 

29 

form  exhibits  only  impact  rather  than  dipole  scattering. 

Given  the  potential-dependent  form  of  the  STM  data  in  Fig.  3,  the  bridging 
CO  band  observed  at  ca  1875  cm-1  in  the  present  IRAS  spectra  at  the  lower 
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potentials  may  well  also  arise  from  adsorbed  CO  present  at  the  edges  of  the 

microdomains  evident  in  the  STM  images.  Supporting  this  notion  is  the  observed 

attenuation  of  this  feature  at  more  positive  potentials  (Fig.  4)  where  some 

coalescence  of  the  microdomains  occurs.  Still  to  be  explained,  however,  is  the 

underlying  reason  for  the  formation  of  smaller  (1  x  1)  substrate  domain';  upon  CO 

adsorption  than  '•re  evident  in  the  prior  presence  of  iodine  adlayers.  Presumably 

the  compressed  CO  adlayer  obliges  some  substrate  surface  earrangement ,  perhaps 

to  accommodate  the  formation  of  bridging  as  well  as  terminal  CO  forms.  As  noted 

elsewhere, ^  CO  binding  in  bridging  rather  than  terminal  configurations  is 

generally  favored  increasingly  at  lower  potentials.  The  domain  coalescence 

observed  towards  higher  electrode  potentials  is  consistent  with  the  increasing 

energetic  preference  for  (1  x  1)  substrate  domains  containing  almost  exclusively 

terminal  CO.  The  attenuation  of  bridging  CO  coordination  on  Pt(100)  at  more 

positive  potentials  has  also  been  observed  for  surfaces  prepared  by  flame 

30 

annealing  and  water  quenching. 

In  conclusion,  the  present  findings  illustrate  the  virtues  of  atomic- 
resolution  along  with  larger-scale  STM  images  for  providing  detailed  in-situ 
information  on  the  substrate  structure  of  monccrystalline  metal  electrodes 
susceptible  to  surface  reconstruction.  The  value  of  combining  potential- 
dependent  STM  data  along  with  parallel  adlayer  structural  information  as  provided 
by  IRAS  is  also  evident.  We  present  elsewhere  detailed  information  on  potential- 


dependent  reconstruction  at  low-index  gold-aqueous  interfaces  obtained  from 

31 

atomic-resolution  STM.  In-situ  STM  therefore  seems  destined  to  become  a 
valuable  tool  for  the  atomic-level  exploration  of  surface  reconstruction  in 
electrochemical,  as  well  as  uhv,  systems. 
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FIGURE  CAPTIONS 

Elg.JL 

Unfiltered  atomic-resolution  STM  image  of  c(V2  x  5i/2)R45*-I  adlayer, 
prepared  by  Method  I  (see  text),  on  Pt(100)  in  0.1  U  HC104  at  0.25  V  vs  SCE. 
Imaging  conditions:  Vb  -  -35  mV,  it  -  5.0  nA;  "constant  height"  mode, 
fig.  ...2 

Atomic-resolution  STM  image  of  Pt(100)  substrate  in  air,  for  surface 
prepared  by  Method  II  with  iodine  adlayer  adsorbed  from  1  mU  KI  +  0.1  B  HC104. 
Tunneling  conditions:  Vb  -  50  mV,  it  -  15  nA;  "constant  height"  mode. 

F1&...JA 

STM  image  of  Pt(100)  in  0.1  JJ  HC104  containing  near-saturated  CO,  at  -0.25 
V  vs  SCE.  Surface  was  prepared  by  Method  I,  with  iodine  adlayer  replaced  by  CO 
at  -0.25  V  within  STM  cell  (see  text).  Imaging  conditions:  Vb  -  -65  mV,  it  - 
3.0  nA;  "constant  current"  mode. 

Fip.  3B 

Atomic-resolution  STM  image  of  Pt(100)  in  0.1  HC104  near-saturated  CO  at 

-0.25  V  vs  SCE  tinder  conditions  similar  to  Fig.  3A.  Imaging  conditions:  Vb  - 
150  mV,  it  -  3.0  nA;  "constant  current"  mode. 

Flg,_3fi 

As  In  Fig.  3A,  but  after  sweeping  electrode  potential  to  0  V  vs  SCE. 
Imaging  conditions:  Vb  -  -65  mV,  it  -  1.0  nA;  "constant  current"  mode. 

Fig.  A 

Potential-dependent  sequence  of  infrared  absorbance  spectra  In  1800-2150 
cm-1  frequency  region  for  CO  adsorbed  on  Pt(100)  in  0.1  {i  HC104  containing 
saturated  (ca  1  mM)  CO.  Surface  prepared  by  using  similar  procedure  to  that  in 
Fig.  3A.  Spectra  acquired  during  1  mV  s_1  positive-going  potential  sweep  from 
-0.25  V  vs  SCE.  Each  spectrum  entailed  acquiring  100  interferometer  scans, 
subtracted  from  which  was  a  similar  set  obtained  following  complete  CO 
electrooxidation  (at  0.5  V)  so  to  remove  solvent  interferences.  Potentials 
indicated  beside  each  spectrum  are  average  values  (vs  SCE)  during  data 
acquisition  (see  ref.  17  for  further  details). 
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